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httpcense.Abstract Field experiments were conducted in 2009–2010 and 2010–2011 seasons to evaluate the
effect of four post-emergence clodinafop-propargyl formulations (Topic 15%WP, Akopic 24% EC,
Current 24% EC and Herstop 15% WP) and hand weeding for controlling annual grassy weeds in
wheat ﬁelds. Wheat seeds were sown in 25 and 30 November in both seasons, respectively. The
tested herbicides were applied 30 days after sowing (DAS), while hand weeding was practiced twice
(20 and 40 DAS). Fresh and dry weed biomasses (g m2) were recorded 60 DAS, whereas length of
spike (cm), weight of spike (g), weight of 1000 grain (g), number of spikelet spike1, number of
grains spike1 and wheat grain and straw yields (kg plot1) were determined at harvest. All the
tested formulations signiﬁcantly decreased weed density as well as fresh and dry weed biomasses
of the annual grasses (Poa annua L., Avena fatua L., Polypogon monospeliensis L., and Lolium tem-
ulentum L.) prevailed in wheat ﬁeld during both seasons. These formulations also increased all the
biological parameters of wheat crop including its grain and straw yields. In this regarded, Topic
(15% WP) was the most effective one followed by Akopik 24% EC, Current 24% EC and Herstop
15% WP.
ª 2013 Production and hosting by Elsevier B.V. on behalf of Faculty of Agriculture, Ain Shams
University.Open access under CC BY-NC-ND license.Introduction
Wheat (Triticum aestivum L.) is the most important staple food
crop all over the world. In Egypt, wheat production is not226730174.
hoo.com (S.H.E. Hamada).
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://dx.doi.org/10.1016/j.aoas.2013.0sufﬁcient to our needs. Therefore, many cultural practices
including chemical weed control were conducted to improve
and enhance wheat production. Several investigators reported
that the usage of post-emergence herbicides including clodina-
fop-propargyl formulations effectively controlled annual
grassy weeds in wheat with excellent selectively (Singh et al.,
2002; El-Khanagry and Shabana, 2005; Bibi et al., 2008; Khalil
et al., 2008).
The evaluation of herbicides used in wheat ﬁelds depends
not only on their efﬁciency of controlling weeds, but also on
their effect on growth and yield of wheat plants (Salama,
2004). Clodinafop-propargyl formulations interact with and
inhibit the enzyme, acetyl co-enzyme A carboxylase (ACCase),aculty of Agriculture, Ain Shams University.
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14 S.H.E. Hamada et al.which is essential for the production of lipids (fatty acids)
needed for plant growth. Selectivity is based on the difference
in the rate of herbicide breakdown in the crop versus the
weeds. Clodinafop-propargyl converts from the ester form to
the active acid and then to biologically inactive compounds.
A safener, cloquintocet-mexyl, is added to the formulation to
accelerate the rate of clodinafop break down in wheat (EPA,
2000).
The aim of the present study was to evaluate the effect of
some clodinafop-propargyl formulations and hand weeding
on annual narrow- leaved weeds grown in wheat crop as well
as their effects on the biological parameters of wheat crop
including its grain and straw yield.
Materials and methods
The ﬁeld experiments were performed during the two growing
seasons 2009–2010 and 2010–2011 at Mostorod Experimental
Farm (Kaliobia Governorate). The efﬁciency of four clodina-
fop-propargyl [propynyl (R)-2-[4-[(5-chloro-3-ﬂuoro-2-pyridi-
nyl)oxy]phenoxy]propanoate] formulations in control the
annual-narrow leaved weeds in wheat ﬁeld was evaluated.
The herbicidal treatments beside the hand weeding and un-
weeded (control) treatments were arranged in randomized
complete block design with four replicates. Experimental plot
area was 21 m2. The herbicidal treatments are shown in Table
1.
Wheat (T. aestivum L., Sakha 93-cv.) Seeds were dressed in
25 and 30 November in both seasons, respectively, at the rate
of 60 kg fed1. Herbicidal treatments were applied 30 days
after sowing (DAS) as post emergence treatments using knap-
sack sprayer (Gloria Hoppy No. 299 TS) at 200 L fed1., while
hand weeding treatment was practiced twice (20 and 40 DAS).
The other agricultural practices used for wheat growing in the
region were fallowed.
Thirty days after herbicidal application, the grown weeds in
area of 50 · 50 cm within each plot were collected randomly
four times. The weeds were sorted, identiﬁed (Hassanein
et al., 2000), counted and weighed. Weed density and biomass
as well as their rates in the unweeded plots were calculated as
following:
1- Weed density ¼ average number of each weed m2
2- Percent of weed density ¼ average number of one weed
average number of total weeds
 100
3- Weed biomass
¼ average ðfresh and dryÞweight of each weed ðg m2Þ4- Percent of weed biomass
¼ average ðfresh and dryÞweight of one weed
average ðfresh and dryÞweight of total weeds 100
As the weed biomass was recorded, the fresh narrow-leaved
weeds (g m2) were dried at 70 C in an oven for 72 h, then
their dry weight was estimated (g m2). The herbicidal activityof each formulation was determined as percent reductions
(%R) in fresh and dry weights of weed plants using the follow-
ing formula:
%Weed control efficiencyð%RÞ ¼ ðC T=CÞ  100
where C is the weed biomass of weed in the unweeded control
area and T the weed biomass of weeds in the treated area.
At maturity, the wheat plants were harvested and air dried
for 3 days. The grain and straw yields were determined as
kg plot1. Besides, plant height (cm), spike length (cm), 1000
grain weight (g), spike weight (g), number of spikelet spike1
and number of grains spike1 were determined.
Data recorded were statistically analyzed according to Go-
mez and Gomez (1984). Means were compared at 5% and 1%
levels of signiﬁcance by the least signiﬁcant difference (LSD)
test.
Results and discussion
The density of the target weeds
The results obtained revealed that the grassy weeds: P. annua
L. and Avena fatua L. were predominant in both seasons while
Polypogon monospeliensis L. and Lolium temulentum L. Were
found only in the ﬁrst season (2009–2010) (Table 2).
The data shown in Table 3 showed that P. annua L. re-
corded the highest density (52.50 and 35.5 weeds m2) and
biomass (220.54 and 78.32 g m2) in both seasons, respec-
tively, with corresponding weed density and biomass rates of
(67.52% and 54.80%) in the ﬁrst seasons and (92.20% and
81.09%) in the second seasons. The results also indicated that
A. fatua L. occupied the second order with weed density rates
of (16.72% and 7.90%) and weed biomass rates of (23.08%
and 18.63%) in both seasons, respectively. P. monospeliensis
L. and L. temulentum L. which found in the ﬁrst season only
exhibited weed densities rates of 13.18% and 2.57% and weed
biomasses rates of 18.38% and 3.73%, respectively.Effect of chemical treatments on fresh weed biomass
Data presented in Tables 4 and 5 indicated that all the tested
herbicide formulations and hand weeding signiﬁcantly reduced
weed population and weed biomass of the grassy weeds found
in wheat crop through both seasons comparing with the un-
weeded check. However, no signiﬁcant differences were ob-
served between the herbicidal efﬁciency of all formulations
against these weeds. Topic exhibited the higher herbicidal ef-
fect followed by Akopic, Current and Herstop with weed con-
trol rates of 91.31%, 85.95%, 82.62% and 81.70% in the ﬁrst
season and 82.85%, 76.23%, 74.36% and 70.94% in the sec-
ond season, respectively, comparing with those of hand weed-
ing treatment in both seasons (73.08% and 69.63%,
respectively).
The results obtained indicated that the tested formulations
exhibited variable efﬁciencies against grassy weeds grown in
wheat crop and such variable efﬁciencies may be due to the dif-
ferent susceptibility rates of the prevailed grassy weeds. In this
regard, Jarwar et al. (2005) indicated that Topic 15% WP gave
the maximum weed control efﬁcacy of 97.74% and 97.86 dur-
ing 2001–2002 and 2002–2003 seasons, respectively, and it was
Table 4 Effect of clodinafop-propargyl formulations and hand-deeding on average fresh might (g m2) of grassy weeds in wheat ﬁeld
(Sakha/93-cv) during 2009–2010 seasons.
Treatments Rate fed1 P. annua L. A. fatua L. P. monospeliensis L. L. temulentum L. Total grassy-weeds
Fresh
weight
(g m2)
% Control Fresh
weight
(g m2)
% Control Fresh
weight
(g m2)
% Control Fresh
weight
(g m2)
% Control Fresh
weight
(g m2)
% Control
Akopic 24% EC 100 ml 33.74 84.64 10.50 88.74 11.59 84.33 0.00 100.00 55.83 85.95
Current 24% EC 35 ml 39.43 82.12 14.42 84.24 15.20 79.44 0.00 100.00 69.05 82.62
Herstop 15% WP 140 g 40.60 81.59 16.86 82.43 15.28 79.33 0.00 100.00 72.74 81.70
Topic 15% WP 140 g 16.98 92.30 7.11 92.69 10.45 85.87 0.00 100.00 34.54 91.31
Hand weeding Twice 46.95 78.71 34.43 62.96 22.76 69.23 2.90 71.34 107.00 73.08
Untreated (control) – 220.54 0.00 92.88 0.00 73.97 0.00 10.11 0.00 397.50 0.00
LS.D. 5% – 33.48 18.85 20.03 N.S 196.53
LS.D. 1% – 46.30 26.07 27.70 N.S N.S
Table 3 Some characteristics of the identiﬁed fresh grasses weeds at 60 days in the wheat ﬁeld (Sakha/93-cv).
Scientiﬁc name Season 2009–2010 Season 2010–2011
Weed
density
(nm2)
% of
Weed
density
Weed
biomass
(g m2)
% of
Weed
biomass
Weed
density
(nm2)
% of
Weed
density
Weed
biomass
(g m2)
% of
Weed
biomass
Poa annua L. 52.50 67.52 220.54 54.80 35.50 92.10 78.32 81.09
Avena fatua L. 13.00 16.72 92.88 23.08 3.00 7.90 18.25 18.63
Polypogon monospeliensis L. 10.25 13.18 73.97 18.38 0.00 0.00 0.00 0.00
Lolium temulentum L. 2.00 2.57 15.01 3.73 0.00 0.00 0.00 0.00
Total weeds 77.75 0.00 402.41 0.00 38.50 0.00 96.58 0.00
Table 2 The annual (narrow-leaved weeds prevailed in the experimental wheat ﬁeld during the two seasons, (2009–2010, 2010–2011).
Vernacular name English name Scientiﬁc name Family name
Qameh-Elasafer Annual Meadow Poa annua L. Gramineae
Zommeyr Spring wild oat Avena fatua L. Gramineae
Deil el-qott Beard grass Polypogon monospeliensis L. Gramineae
Samma Ryegresses Lolium temulentum L. Gramineae
Table 1 Some characteristics of the post-emergence herbicides applied in wheat ﬁelds.
Trade name, concentration
and formulation
Common name Recommended
rate fed1
Chemical name (according to lUPAC) Source of herbicide
sample
Herstop 15% WP clodnafop-propargyl 140.00 g Propynyl (R)-2-[4-[(5-chloro-3-ﬂuoro-2-
pyridinyl)oxy]phenoxy]propanoate
Syngenta
Topic 15% WP clodnafop-propargyl 140.00 g Propynyl (R)-2-[4-[(5-chloro-3-ﬂuoro-2-
pyridinyl)oxy]phenoxy]propanoate
Syngentaco
Akopic 24% EC clodnafop-propargyl 100.00 ml Propynyl (R)-2-[4-[(5-chloro-3-ﬂuoro-2-
pyridinyl)oxy]phenoxy]propanoate
AAkobeco
Current 24% EC clodnafop-propargyl 85.00 ml Propynyl (R)-2-[4-[(5-chloro-3-ﬂuoro-2-
pyridinyl)oxy]phenoxy]propanoate
Chemitraco
Efﬁciency of certain clodinafop-propargyl formulations in controlling annual grassy weeds in wheat 15better than standard product Puma-Super 70 EW. Also, Nisha
and Chopra (2005) showed that clodinafop-propargyl alone
and when tank mixed with carfentrazone effectively controlled
Phalaris minor by about 90% in wheat ﬁeld and signiﬁcantly
increased yield of wheat. Moreover, Topic 15 WP treated plotsexhibited the best performance with minimum weeds density of
74.75 m2 and weed fresh biomass of 1875 kg ha1 comparing
with weedy check 387.3 m2 and 5313 kg ha1 (Bibi et al.,
2008). Khalil et al. (2010) cited that the maximum fresh weed
biomass (276 g m2) was recorded in weedy check followed by
16 S.H.E. Hamada et al.Topic alone (70 g m2) or when combined to Buctril super
(89 g m2). Shehzad et al. (2012a,b) reported that clodinafop
propargyl at 0.045 kg a.i. ha1 severely reduced the A. fatua,
Coronopus didymus and M. indica population and dry weights
compared to the control.
Effect of chemical treatments on dry weed biomass
Data shown in Tables 6 and 7 revealed that the effects of the
tested herbicide formulations and hand weeding treatmentsTable 6 Effect of clodinafop-propargyl formulations and hand-weed
(Sakha/93-cv) during 2009–2010 season.
Treatments Rate fed1 P. annua L. A. fatua L.
Dry
weight
(g m2)
% Control Dry
weight
(g m2)
% Cont
Akopic 24% EC 100 ml 8.31 87.83 4.75 87.95
Current 24% EC 85 ml 9.69 85.83 3.94 83.69
Herstop 15% WP 140 g 11.06 83.30 3.96 83.45
Topic 15% WP 140 g 4.23 93.81 2.15 93.53
Hand weeding Twice 14.83 78.32 13.67 69.69
Untreated (control) – 68.43 0.00 31.57 0.00
L.S.D. 5% – 7.72 9.44
L.S.D. 1% – 10.68 13.05
Table 7 Effect of clodinafop-propargyl formulations and hand-wee
(Sakha/93-cv) during 2010–2011 season.
Treatments Rate fed1 P. annua L. A
Dry weight (g m2) % Control D
Akopic 24% EC 100 ml 4.81 84.86 0
Current 24% EC 85 ml 5.68 82.12 0
Herstop 15% WP 140 g 5.63 82.29 0
Topic 15% WP 140 g 3.36 89.35 0
Hand weeding Twice 7.64 75.95 0
Untreated (control) – 31.78 0.00 7
L.S.D. 5% – 5.27 3
LS.D. 1% – 7.29 4
Table 5 Effect of clodinafop-propargvl formulations and hand-weed
(Sakha/93-cv) during 2010–2011 season.
Treatments Rate fed1 P. annua L. A
Fresh weight (g m2) % Control F
Akopic 24% EC 100 ml 21.61 72.47 1
Current 24% EC 85 ml 22.39 71.41 2
Herstop 15% WP 140 g 24.79 68.34 3
Topic 15% WP 140 g 15.41 80.32 1
Hand weeding Twice 26.80 65.78 2
Untreated (control) – 78.32 0.00 18
LSD. 5% – 12.59 6
L.S.D. 1% – 17.42 8on weed dry biomass of the grassy weeds grown in wheat crop
were similar with those observed on the weed fresh biomass of
these grasses through the both seasons. The dry weights of
these grasses were signiﬁcantly decreased comparing with the
unweeded control. However, the chemical treatments gave
similar effectiveness against these weeds with controlling rates
ranging from 93.16% for Topic to 85.67% for Herstop in the
ﬁrst season and from 91.43% for Topic to 83.56% for Current
in the second season.ing on average dry weight (g m2) of grassy weeds in wheat ﬁeld
P. monospeliensis L. L. temulentum L. Total grassy-weeds
rol Dry
weight
(g m2)
% Control Dry
weight
(g m2)
% Control Dry
weight
(g m2)
% Control
2.55 89.96 0.00 100.00 15.62 87.94
4.61 81.86 0.00 100.00 18.24 85.67
3.30 87.01 0.00 100.00 18.32 85.60
2.32 90.87 0.00 100.00 8.70 93.16
8.46 66.71 0.66 66.19 37.62 70.21
25.42 0.00 1.9675 0.00 127.30 0.00
5.78 N.S 48.29
8.00 N.S N.S
ding on average dry weight (g m2) of grassy needs in wheat ﬁeld
. fatua L. Total grassy-weeds
ry weight (g m2) % Control Dry weight (g m2) % Control
.44 94.16 5.26 86.65
.80 88.30 6.48 83.56
.76 90.05 6.36 83.79
.27 96.46 3.38 91.43
.81 90.05 8.40 78.57
.66 0.00 39.44 0.00
.07 3.32
.25 4.60
ing on average fresh might (g m2) of grassy weeds in wheat ﬁeld
. fatua L. Total grassy-weeds
resh weight (g m2) % Control Fresh weight (g m2) % Control
.39 92.36 23.00 76.18
.37 86.98 24.76 74.36
.02 83.48 27.81 71.20
.14 93.74 16.55 82.85
.52 86.19 29.32 69.63
.25 0.00 96.57 0.00
.14 9.98
.49 13.80
Table 8 Effect of clodinafop-propargyl formulations and hand-weeding on grain and straw yield of wheat crop as well as on biological parameters during 2009–2010 season.
Treatments rate fed1 Avg.
length of
spike
(cm)
%
Increase
Avg.
no. of
spikelet
spike1
%
Increase
Avg.
no. of
grain
spike1
%
Increase
Avg.
weight of
spike
(g m)
%
Increase
Avg.
weight of
grain spike
(g m)
%
Increase
Avg.
weight of
1000 grains
(g m)
%
Increase
Avg.
grain
yield
(kg plot1)
%
Increase
Avg.
straw
yield
(kg plot1)
%
Increase
Akopic 24% EC 100 ml 9.67 8.47 18.87 10.59 54.25 10.19 3.20 8.75 2.74 11.67 45.81 12.07 15.87 36.87 29.87 13.03
Current 24% EC 85 ml 9.89 10.51 18.90 10.74 55.17 11.69 321 9.03 2.82 14.18 45.63 11.72 15.22 34.14 28.28 8.14
Herstop 15% WP 140 g 9.96 11.14 18.92 10.83 55.75 12.61 3.06 4.57 2.74 11.67 45.51 11.49 15.28 34.43 28.21 7.92
Topic 15% WP 140 g 10.1 12.37 19.37 12.90 56.75 14.14 3.28 10.37 2.89 16.26 48.91 17.64 17.30 42.09 30.19 13.96
Hand weeding (twice) 9.5 6.84 18.55 9.05 52.25 6.75 3.04 3.94 2.55 5.09 42.25 4.66 14.20 29.45 27.54 5.68
Untreated (control) 8.85 0.00 16.87 0.00 48.72 0.00 2.92 0.00 2.42 0.00 40.28 0.00 10.02 0.00 25.97 0.00
L.S.D. 5% 0.67 0.64 2.18 0.12 0.19 4.13 1.30 3.52
L.S.D. 1% N.S 0.39 3.02 0.17 027 5.72 1.80 4.87
Table 9 Effect of clodinafop-propargyl formulations and hand-weeding on grain and straw yield of wheat crop as well as on biological parameters during 2010–2011 season.
Treatments rate fed1 Avg.
length of
spike
(cm)
%
Increase
Avg.
no. of
spikelet
spike1
%
Increase
Avg.
no. of
grain
spike1
%
Increase
Avg.
weight of
spike
(g)
%
Increase
Avg.
weight of
grain spike
(g m)
%
Increase
Avg.
weight of
1000 grains
(g m)
%
Increase
Avg.
grain
yield
(kg plot1)
%
Increase
Avg.
straw
yield
(kg plot1)
% Increase
Akopic 24% EC 100 ml 9.98 10.92 18.72 5.07 55.62 13.21 3.16 15.5 2.83 17.31 44.36 8.45 15.66 38.23 28.84 10.27
Current 24% EC 85 ml 9.70 8.35 18.87 5.82 55.42 12.90 3.11 14.14 2.86 18.10 45.08 10.00 15.29 36.73 28.00 7.58
Herstop 15% WP 140 g 9.85 9.74 18.87 5.82 51.2 5.72 2.92 8.56 2.53 7.50 44.73 9.21 15.12 36.01 27.66 6.45
Topic 15% WP 140 g 10.07 11.71 19.35 8.16 56.42 14.44 3.19 16.30 2.88 18.75 48.01 15.41 15.94 39.31 30.14 14.14
Hand weeding (Twice) 9.33 4.73 18.70 4.97 53.27 9.38 2.83 5.65 2.58 9.30 42.09 3.51 13.77 29.74 27.18 4.79
Untreated (control) 8.89 0.00 17.77 0.00 48.27 0.00 2.67 0.00 2.34 0.00 40.61 0.00 9.674 0.00 25.87 0.00
L.S.D. 5% 0.36 0.81 3.52 0.18 0.24 4.46 2.23 1.30
L.S.D. 1% 049 N.S 4.87 0.26 0.33 N.S 3.09 1.30
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18 S.H.E. Hamada et al.These ﬁndings are in accordance with those recorded by
other researchers. Mishra (2006) cited that the clodinafop
propargyl at 60 g ha1 signiﬁcantly reduced the density and
dry matter of wild oat (Avena sterillis)). El-Metwally and El-
Rokiek (2007) found that Topic at 140 g fed1 provided
97.68% reduction in dry weight of narrow weeds in wheat ﬁeld
after 90 days from sowing. Khalil et al. (2008) indicated that
Topic herbicide gave the only minimum weeds m2 and mini-
mum dry weed biomass g m2 as compared to maximum val-
ues in weedy check plots. Also, Shehzad et al. (2012c) found
that Topic 15% WP effectively controlled P. minor, A. fatua
and E. spinosa weeds in wheat ﬁeld by controlling rates of
87.28%, 90.16% and 94.78%, respectively. Topic reduced also
the dry weights of these weeds as comparing with the weedy
check.
Effect of the tested treatments on wheat grain and straw and its
biological parameters
Generally speaking, results listed or presented in Tables 8 and 9
indicated that all the herbicidal treatments as well as hand
weeding signiﬁcantly increased the grain yield of wheat com-
pared to the unweeded control. The in crement rates ranged
from 42.09% for Topic to 34.14% for Current in the ﬁrst sea-
son and from 39.31% for Topic to 36.01% for Herstop in the
second season. The hand weeding treatment, however, in-
creased the wheat grain by 29.45% and 29.74% in both sea-
sons, respectively. Also, the results revealed that there were
signiﬁcant differences between the herbicidal efﬁciency of all
the tested treatments on most of the biological parameters as-
sessed through both seasons as compared with the weedy chick.
The maximum average values of spike length (10.1 cm), spik-
elets no. spike1 (19.37), grains no. spike1 (56.75), spike
weight (3.28 g), 1000 grain weight (48.91 g), grain yield
(17.30 kg plot1) and straw yield (30.19 kg plot1) were ob-
served with Topic treatment. The corresponding minimum
average values were rerecorded with hand weeding treatment.
These ﬁndings are in agreement with those obtained by other
workers. Bibi et al. (2005) found that the 1000-grain weight
(33.3 g) and the grain yield (2500 kg ha1) were the maximum
in Topic 15 WP treatments as compared with those of the wee-
dy check (23.4 g) and (1834 kg ha1), respectively. Khalil et al.
(2010) reported that the highest number of grains spike1 (45),
the highest 1000 grain weight (30 g) and the highest grain yield
(3–5 t ha1) were recorded in Topic 15 treatment, while the cor-
responding values in weedy check were 42 grains, 29 g and
2.78 t ha1.
Moreover, Shehzad et al. (2012a,b,c). Found that clodina-
fop propargyl at 0.045 kg a.i. ha1 caused an excellent increase
in wheat yield (51.02%) over control. They added that the
highest number of grains spike1 (47.28) and the highest
1000-grain weight (49.38 g) were recorded in clodinafop prop-
argyl treated plots.
In general, the obtained results indicated that the applica-
tion of the clodinafop-propargyl formulations 30 DAS on nar-
row-leaved weeds in wheat crop signiﬁcantly decreased weed
density as well as fresh and dry biomasses, while increasedwheat grain and straw yield and improved their components,
Topic formulation was the most effective one in this regard.
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